Introduction
============

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system with a multifactorial etiology and an increasing complexity of new and more effective disease-modifying therapies (DMTs).[@b1-clep-8-549]

The Danish Multiple Sclerosis Treatment Register (DMSTR) was established in 1996 with the introduction disease-modifying drugs (DMDs) for patients with relapsing-remitting multiple sclerosis (RRMS) within the framework of Danish Multiple Sclerosis Group (DMSG) as a nationwide scientific database, associated with the Danish Multiple Sclerosis Registry.[@b2-clep-8-549]

The aims of the database were then to investigate the long-term effect of the first approved immunomodulatory drug, interferon (IFN)-β in MS and to measure the effect of neutralizing antibodies (NAbs) on the efficacy of the disease-modifying treatment.[@b3-clep-8-549] Registration was mandatory in order for reimbursement from the administrative units, which at that time were the Danish counties. Only departments of neurology are authorized to treat with DMD.

Since 1996, prospectively collected clinical data of all Danish patients have been sent to DMSTR from all Danish Departments of Neurology.

In 2006, the DMSTR changed from being a research database to a clinical quality database under the auspices of Danish counties and from 2007, Danish Regions.

The aim of the database is to monitor indicators of quality of processing immunomodulatory and immunosuppressive therapy of patients with MS with reference to standards given by the DMSG and the Danish Regions (the current administrative units and the owners of the Danish public hospitals). A by-product of the clinical quality databases is collection of data that can be used for research. Recently, data from the DMSTR have also been used by the Council for the Use of Expensive Hospital Medicines.

Methods
=======

Before 2008, the DMSTR was notified by using paper clinical records form collected from all departments of neurology. From 2008, data are entered directly online into a central database under the Database Secretariat of the Danish Regions. The patients are informed that their clinical data are recorded in a central database, and that this is mandatory for their treatment. Therefore the DMSTR is virtually complete.

Study population
----------------

The DMSTR includes all patients with MS and clinically isolated syndrome, who have been treated with DMD since 1996. At present, more than 8,400 patients have been registered in this database. The inclusion criteria are the same as the current treatment criteria. The DMSTR also regularly exports data to the Danish Multiple Sclerosis Registry, ensuring high completeness of that register.

Main variables
--------------

Baseline information of clinical history and physical examination are entered at treatment initiation. Data include age, sex, onset year and year of the diagnosis, and basic clinical information.

Notification is done at treatment start, and thereafter at every scheduled clinical visit 3 months after treatment start, and thereafter every 6 months. Each notification includes among other variables information about side effects of medication, results of radiological, and some laboratory investigations. The indicators of quality include timely control visits and blood tests and, in patients treated with second-line DMD, timely regular magnetic resonance imaging (MR) scans.

Data administration and access
------------------------------

The DMSTR is administered according to the Act on Processing of Personal Data at the Danish Regions' Clinical Quality Development Program, in Aarhus. To date, the DMSTR has been financed via the governmental grant system available for national "quality registries" in Denmark. The aim of this clinical quality database is to provide predefined quality indicators to The Danish Clinical Registries, which contains information about individual patients, used for improvement of quality, research, and surveillance purposes. The program is exempt from patient consent to data collection. Research access to anonymized data does not need approval from The National Committee on Health Research Ethics. Access to nonanonymized data requires approval from the Danish Health Authority. All access to data for research purposes requires approval from the Danish Data Protection Agency. Research applications are evaluated by the DMSTR's steering committee, which represents comprehensive clinical and epidemiological expertise. Access to the database is granted by the administrative organization after evaluation of the application.

Research contributions
======================

The DMSTR has produced a wide range of peer-reviewed scientific publications, including 17 publications during the last 15 years. The use of immunomodulatory therapies in Denmark, focusing on treatment results and side effects in a whole population of patients with RRMS, has been reported in a comprehensive article.[@b4-clep-8-549]

A series of publications sustained the evidence regarding the dynamics and detrimental effect of NAbs against IFN-β and acknowledged and contributed to the interpretation and general acceptance of this issue in the international scientific community. The Danish National IFN-beta Project was the largest independent study that examined the impact of NAbs on the therapeutic effect of IFN-β in patients with RRMS.[@b5-clep-8-549] Several other original publications from the DMSTR clarified the clinical importance of NAbs against IFN[@b6-clep-8-549],[@b7-clep-8-549] and against natalizumab.[@b8-clep-8-549] This contributed to the development of international guidelines.[@b9-clep-8-549] A nationwide cohort study that included all treated patients with onset of MS between 2000 and 2004 reported no differences in treatment response to IFN-β between sexes.[@b10-clep-8-549]

Prospectively collected data in DMSRT linked to immunological biomarkers served as basis to evaluate whether or not treatment effect to IFN-β therapy can be predicted.[@b11-clep-8-549]

The treated MS population has been systematically followed for many years; therefore, the DMSTR provides a platform for the conduct of observational studies on MS "real-world" data. After natalizumab therapy became available as DMT, one of the first publications reporting disease activity in patients treated with natalizumab was based on data from DMSTR.[@b12-clep-8-549] Rebound of disease activity after discontinuation of natalizumab therapy in highly active MS patients has also been investigated.[@b13-clep-8-549] A recently submitted publication evaluates the side effects of fingolimod treatment, and a prospective cohort study is planned to characterize the long-term safety profile of DMT and determine the incidence of adverse events of special interest in a real-life setting. The long follow-up time and completeness enables a better knowledge of the treatment modified history of the disease.

International collaborations
============================

The DMSTR is a population-based treatment registry, but for several research purposes, the number of persons included in the registry may be too few for adequate statistical power. This can apply for many aspects of observational studies, especially regarding long-term real-life effectiveness of DMT. As a consequence, the DMSTR has established collaborations to other MS registries to enable efficient pooling of data; however, there are still technical, ethical, legal, and political challenges to be faced, but hopefully these collaborations could answer questions that cannot be answered by one single database.

Conclusion
==========

The DMSTR is internationally unique because of the consistent follow-up since 1996 and for being purely population based. The database contributed to a certain harmonization of treatment procedures in Denmark and will continue to be a major factor in terms of quality in clinical praxis, research and monitoring of adverse events, but is also an essential data source for epidemiological research. Systematic recording of data into national MS registries is needed to optimize treatment aims to facilitate research and for improved understanding of disease mechanisms and improved health care in MS.

Population-based studies combining health and social registers can optimally be carried out in Denmark, due to linkage between registers at the individual level by a unique personal identification number (civil registration-number) which is used by all national registers. In this respect, the DMSTR provides extensive research possibilities in studies of etiology and community medicine in Denmark, as well as internationally.
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